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SOLID-STATE IMAGING DEVICE 
AND METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a solid-state imaging 
device formed by integrating a plurality of photosensors on 
a substrate in which a channel stop section for preventing 
leakage of electric charges between the photosensors can be 
effectively formed and to a method for manufacturing the 
same . 

2. Description of the Related Art 

Fig. 6 is an explanatory view of an example of the 
arrangement of a CCD solid-state imaging device. 

The solid-state imaging device includes a photosensor 
(imaging region) 410, a CCD vertical transfer section 420, a 
CCD horizontal transfer section 430, an output 440 and so on 
in a substrate 400. 

The photosensor 410 has a plurality of the CCD vertical 
transfer sections 420 along the respective photosensor 
trains, in which signal charges stored by the photosensors 
412 are output to the CCD vertical transfer sections 420 and 
sequentially transferred in the vertical direction by the 
driving of the CCD vertical transfer sections 420. 

The CCD vertical transfer sections 420 have the CCD 
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horizontal transfer section 430 at the end, in which the 
signal charges transferred from the CCD vertical transfer 
sections 420 are output to the CCD horizontal transfer 
sections 430 line by line and sequentially transferred in 
the horizontal direction by the driving of the CCD 
horizontal transfer sections 430. 

The output 440 receives the signal charges transferred 
by the CCD horizontal transfer sections 430 by a floating 
diffusion (FD) , senses the potential of the FD by an amp 
transistor, and converts it to an electric signal for output. 

The solid-state imaging device has a channel stop 
section for preventing charge leakage between the pixels 
along the vertical transfer direction (along the column of 
the photosensors) and the photosensor and between the 
photosensors along the horizontal transfer direction (along 
the row of the photosensors) and the CCD vertical transfer 
section (for example, refer to Japanese Unexamined Patent 
Application Publication No. 4-280675) . 

Fig. 7 is a sectional view of an embodiment of the 
channel stop section provided between the photosensors along 
the vertical transfer direction, showing a section taken 
along line A-A of Fig. 6. 

As shown in the drawing, a photodiode region 
constituting a photo receiving section 510 of each 
photosensor has a P+ type impurity region 510A formed in the 
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outer layer of a substrate 400 and an N-type impurity region 
510B formed under the P+ type impurity region 510A. 

Channel stop sections 520, or P-type impurity regions, 
are provided in the vicinity of opposite sides of the 
photodiode region along the vertical transfer direction. 

Although transfer electrodes 550 of the CCD vertical 
transfer sections 420 and so on are provided on the top of 
the substrate 400 through a gate insulating film (not shown) , 
their detailed description will be omitted here because they 
are not directly related to the present invention. 

Fig. 8 is a sectional view of an embodiment of the 
channel stop section provided between a photosensor along 
the horizontal transfer direction and the vertical transfer 
section, showing a section taken along line B-B of Fig. 6. 

As shown in the drawing, the photodiode region of each 
photosensor includes the P+ type impurity region 510A and 
the N-type impurity region 510B, as that shown in Fig. 7. 

The CCD vertical transfer section 420 is formed on the 
side of the photodiode region through a readout gate. 

The CCD vertical transfer section 420 is formed of an 
upper N-type impurity region 420A and a lower P-type 
impurity region 420B. 

A channel stop section 520 that is a P-type impurity 
region is provided between the CCD vertical transfer section 
420 and the photodiode region of the adjacent photosensor 
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train . 

The above-described solid-state imaging device has a 
conspicuous tendency to reduce the space between the 
vertical and horizontal photosensors with the reduction of 
the photosensor size owing to increasing number of 
photosensors and advancement toward miniaturization. 

Therefore, the structure of the related-art channel 
stop section that is formed only in the outer layer of the 
substrate has the problem of not effectively preventing a 
phenomenon in which electric charges that are 
photoelectrically converted in the photodiode region are 
mixed to the adjacent photosensors (hereinafter, referred to 
as a color mixing phenomenon) . 

In order to prevent the color mixing phenomenon, it is 
necessary to increase energy during implantation of impurity 
ions to the channel stop section to thereby form the channel 
stop section deep in the substrate (along the depth of the 
bulk) . However, when ions are implanted with high energy, 
the P-type impurity near the surface declines in 
concentration and so a smear component in the surface of the 
substrate cannot be reduced, leading an adverse smear 
phenomenon . 

The ion plantation with high energy has the problem of 
easily causing dispersion of the P-type impurity, narrowing 
a charge storage region of the light receiving section 
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(photodiode region) , which decreases sensitivity and 
saturation signals . 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a method for manufacturing a solid-state imaging 
device that provides a high quality image by forming a 
channel stop section that is effective in miniaturization of 
photosensors to prevent a color mixing phenomenon and so on. 

By a method for manufacturing a solid-state imaging 
device, according to the present invention, a channel stop 
section is formed by multiple times of ion implantation with 
multiple implanting energies. Thus, a multilayer impurity 
region can be formed across the depth of a substrate to form 
a channel stop section. 

Therefore, the leakage of signal charges between 
adjacent photosensors and between a photosensor and a 
transfer section can be effectively prevented; thus, a color 
mixing phenomenon can be effectively prevented. 

Since multiple times of ion implantation are made for 
multiple implantation areas during multiple times of 
impurity ion implanting processes, the dispersion of 
impurity particularly deep in the substrate can be prevented, 
effects to a photoelectric conversion section can be reduced, 
and decreases in sensitivity and saturation signals can be 
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effectively prevented. 

Since the multiple times of ion implantation are made 
at multiple ion concentrations during multiple times of 
impurity ion implanting processes, the impurity regions of 
the respective layers of the channel stop section can be 
given optimum impurity concentration; thus, anti-smear 
measures on the surface of the substrate can be effectively 
taken. 

Since a solid-state imaging device according to the 
invention includes a channel stop section having multiple 
layers across the depth of the substrate, the leakage of 
signal charges between adjacent photosensors and between a 
photosensor and a transfer section can be effectively 
prevented; thus, a color mixing phenomenon can be 
effectively prevented. 

Since the areas of the multiple layers of the channel 
stop section are multiple, the dispersion of impurity 
particularly deep in the substrate can be prevented, effects 
to a photoelectric conversion section can be reduced, and 
decreases in sensitivity and saturation signals can be 
effectively prevented. 

Furthermore, since the ion concentrations of the 
multiple layers of the channel stop section are optimum, 
anti-smear measures on the surface of the substrate can be 
effectively taken. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a solid-state imaging 
device along the vertical direction according to an 
embodiment of the present invention; 

Fig. 2 is a sectional view of the solid-state imaging 
device along the horizontal direction according to the 
embodiment of the present invention; 

Fig. 3 is a sectional view of a solid-state imaging 
device along the vertical direction according to another 
embodiment of the present invention; 

Fig. 4 is a sectional view of a solid-state imaging 
device along the vertical direction according to yet another 
embodiment of the present invention; 

Fig. 5 is a sectional view of a solid-state imaging 
device along the vertical direction according to still 
another embodiment of the present invention; 

Fig. 6 is a plan view of the arrangement of a CCD 
solid-state imaging device; 

Fig. 7 is a sectional view of a related-art solid-state 
imaging device along the vertical direction; and 

Fig. 8 is a sectional view of the related-art solid- 
state imaging device along the horizontal direction. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Embodiments of a solid-state imaging device and a 
method for manufacturing the same according to the present 
invention will be specifically described hereinafter. 

Figs. 1 and 2 are sectional views of a solid-state 
imaging device manufactured by the method according to an 
embodiment, Fig. 1 showing an embodiment of a channel stop 
section provided between photosensors along the vertical 
transfer direction, and Fig. 2 showing an embodiment of a 
channel stop section provided between the photosensors along 
the horizontal transfer direction. The entire structure of 
the solid-state imaging device is the same as that of the 
related art shown in Fig. 6, wherein Fig. 1 corresponds to 
the section taken along line A— A of Fig. 6 and Fig. 2 
corresponds to the section taken along line B-B of Fig. 6. 

Referring first to Fig. 1, a photodiode region 
constituting a light receiving section 10 of each 
photosensor includes a P+ type impurity region (hole storage 
region) 10A formed in the outer layer of a substrate 100 and 
an N-type impurity region (electron storage region) 10B 
formed under the P+-type impurity region 10A. The 
photodiode region photoelectrically converts light that is 
incident from above, absorbs holes into the P+ type impurity 
region 10A, and stores electrons in the N-type impurity 
region 10B, a lower depletion layer and so on. 

The photoelectric conversion in the light receiving 
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section 10 is mainly performed in a depletion region between 
the N-type impurity region 10B and the P+ type impurity 
region 10A and in a depletion region between the N-type 
impurity region 10B and a lower P-type impurity region (not 
shown) . 

A channel stop section 20 formed of a multilayer P-type 
impurity region is provided in the vicinity of opposite 
sides of the photodiode region along the vertical transfer 
direction . 

The channel stop section 20 is formed by multiple times 
of impurity implanting processes by which four impurity 
regions 20A, 20B, 20C, and 20D are formed across the depth 
of the substrate 100 (along the depth of the bulk) to form a 
P-type region deep in the substrate 100, thereby preventing 
leakage of electric charges. 

Referring to Fig. 2, the photodiode region of each 
photosensor includes the P+ type impurity region 10A and the 
N-type impurity region 10B, as that shown in Fig. 1. 

A CCD vertical transfer section 40 is formed on the 
side of the photodiode region through a readout gate. 

The CCD vertical transfer section 40 is formed of an 
upper N-type impurity region 40A and a lower P-type impurity 
region 40B. 

A channel stop section 50 that is a multilayer P-type 
impurity region is provided between the CCD vertical 



transfer section 40 and the photodiode region of the 
adjacent photosensor train. 

The channel stop section 50 is formed by multiple times 
of impurity implanting processes by which four impurity 
regions 50A, 50B, 50C, and 50D are formed across the depth, 
of the substrate 100 (along the depth of the bulk) to form a 
P-type region deep in the substrate 100, thereby preventing 
leakage of electric charges. 

In Figs. 1 and 2, transfer electrodes 60 of the CCD 
vertical transfer sections 40 and so on are provided on the 
top of the substrate 100 through a gate insulating film (not 
shown). However, their detailed description will be omitted 
here because they are not directly related to the present 
invention . 

When the channel stop sections 20 and 50 are formed in 
the above-described solid-state imaging device, an ion 
implantation region is set using a specified mask and 
multiple times of ion implanting processes are performed 
with multiple ion implanting energies and impurity 
concentrations, so that the multilayer impurity regions 20A, 
20B, 20C, and 20D and the impurity regions 50A, 50B, 50C, 
and 50D are formed. 

Thus, the channel stop sections 20 and 50 can be formed 
deep into the substrate 100, thereby preventing the leakage 
of signal charges between the devices to reduce color 
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mixture. 

Since the concentration of impurity in each ion 
implanting process can be set as appropriate, the 
concentration of impurity near the surface of the substrate 
100 that is formed with low implanting energy can be 
sufficiently ensured by making the ion concentration of 
impurity in an ion implanting process with relatively high 
implanting energy higher than that in an ion implanting 
process with relatively low implanting energy, so that a 
smear phenomenon can be prevented. 

When the solid-state imaging device is formed, ions are 
continuously implanted into the substrate 100 to form the 
photodiode region (light receiving section 10) , the CCD 
vertical transfer section 40, and the respective impurity 
regions of the channel stop sections 20 and 50; the order 
thereof is not particularly limited. 

Also the order of the multiple times of ion implanting 
processes for forming the channel stop sections 20 and 50 is 
not particularly limited. 

The mask for ion implantation includes various types in 
addition to a general resist mask; therefore, it is not 
particularly limited . 

A specific energy and the concentration of impurity in 
each ion implanting process can be set as appropriate and 
are not particularly limited. 
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In the embodiment, the vertical channel stop section 20 
and the horizontal channel stop section 50 are separately 
formed so as to be optimized for the respective required 
characteristics, with individual ion implanting energy and 
impurity concentration. In Figs. 1 and 2, although both the 
channel stop sections 20 and 50 have four-layer structure 
(or four-step ion implantation)/ they are not limited to 
that and may have a structure other than the four-layer 
(four-step) structure. The vertical channel stop section 20 
and the horizontal channel stop section 50 may not 
necessarily have the same number of layers. 

The impurity concentration may not be varied at all the 
layers but may be varied at part of the layers. 

In the above embodiment, the ion implanting processes 
for forming the channel stop sections 20 and 50 are carried 
out with multiple energies and concentrations. However, the 
ion implantation region is varied in each ion implanting 
process by changing a mask in each ion implanting process, 
so that the width across the channel of the respective 
impurity regions of the channel stop sections 20 and 50 may 
be varied. 

Fig. 3 is a sectional view of an example of the channel 
stop section along the vertical transfer direction. Since 
components other than a channel stop section 70 are the same 
as those of Fig. 1, they are given the same numerals and 
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there description will be omitted. 

As shown in the drawing, the channel stop section 70 
includes four-layer impurity regions 70A, 70B, 70C, and 70D. 
When the ion implanting area in an ion implanting process 
with relatively high implanting energy is made smaller than 
that in an ion implanting process with relatively low 
implanting energy, the reduction of the charge storage 
region of the light receiving section 10 in the deep part of 
the substrate 100 by the dispersion of P-type impurity of 
the channel stop section 7 0 can be prevented; thus, 
sensitivity of the light receiving section 10 and saturation 
signals can be increased. 

The energy and the impurity concentration can be set as 
those in Fig . 1 . 

Although the widths of all the layers of the channel 
stop section 70 may be varied, only the width of part of the 
layers may be varied so that only the impurity regions 70A 
and 70B have the equal width, as shown in Fig. 3. In this 
case, the layers of an equal width can be formed with a 
common mask. 

The multi-step ion implantation may also be made for 
the channel stop section along the horizontal transfer 
direction, with multiple widths. 

The above-described embodiments offer the following 
advantages : 
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(1) Referring to Figs. 1 to 3 , when multi-step ion 
implantation of the channel stop section between the 
vertical photosensors and the channel stop section between 
the horizontal light receiving section and the vertical 
transfer section is carried out with multiple energies, a 
color mixing phenomenon can be prevented in which 
photoelectrically converted charges are mixed to the 
adjacent photosensors. 

(2) Referring to Fig. 3, when the region of ion 
implantation with high energy reduced, a color mixing 
phenomenon can be prevented without narrowing the charge 
storage region of the light receiving section and decreasing 
sensitivity and saturation signal. 

(3) Referring to Figs. 1 to 3 , when ions are implanted 
into the channel stop section with high energy, the 
variation of an overflow barrier at charge storage can be 
reduced; thus the occurrence of a knee-point (Qknee) in 
output characteristics can be prevented. 

(4) When ion implantation of the channel stop section 
between the horizontal light receiving section and the 
vertical transfer section is carried out with multiple 
energies, a smear phenomenon near the surface and in the 
bulk can be prevented. 

In the above-described embodiments, the positional 
relationship of the multi-step ion implanted impurity 
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regions is only an example, and the thickness of the 
impurity regions across the depth of the substrate, the 
shape, and the number of layers are not limited to that. 
For example, as shown in Fig. 4, of the multilayer impurity 
region of a channel stop section 80 (three-layer impurity 
regions 80A, 80B, and 80C in the drawing) , the middle-layer 
impurity region (the impurity region 80B in the drawing) may 
be larger in thickness and also in lateral width than the 
other impurity regions or vice versa. 

As a matter of course, the multilayer ion-implanted 
impurity region may have a part overlapping with the upper 
and lower impurity regions in the strict sense. 

In the above embodiments, although the multilayer ion- 
implanted impurity region is formed such that the bottom of 
the lowermost-layer region has a depth substantially equal 
to that of the bottom of the N-type impurity region 10B in 
the light receiving section 10, it is not limited to that. 

For example, in order to prevent color mixture in a 
further lower region across the depth of the substrate 100, 
as shown in Fig. 5, the bottom of the lowermost-layer region 
(an impurity region 90D in the drawing) of the multilayer 
ion-implanted impurity region (four-layer impurity regions 
90A, 90B, 90C, and 90D in the drawing) of a channel stop 
section 90 may be formed deeper than the bottom of the N- 
type impurity region 10B. 
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As shown in Fig. 5, an overflow barrier 92 located 
below the light receiving section 10 and the multilayer ion- 
implanted impurity region (the impurity region 9 0D in the 
drawing) may be in contact with each other. 

In this case, the holes stored in the overflow barrier 
92 can be discharged to the surface of the substrate 100 
through the multilayer ion-implanted impurity region. The 
multilayer ion-implanted impurity region is preferably 
formed such that the closer to the surface of the substrate 
100 the region is, the higher the concentration of the P- 
type impurity is. 

Although a preferred form of the invention has been 
described in which it is applied to a CCD solid-state 
imaging device, it is to be understood that the invention is 
applied not only to the CCD solid-state imaging device but 
also to a CMOS solid-state imaging device. 

As described above, by the method for manufacturing the 
solid-state imaging device according to the invention, the 
channel stop section is formed by multiple times of impurity 
ion implanting processes with multiple implanting energies. 
Thus, a multilayer impurity region can be formed across the 
depth of the substrate as a channel stop section. 

Therefore, leakage of signal charges between the 
adjacent photosensors and between the photosensor and the 
transfer section can be effectively prevented, so that a 
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color mixing phenomenon and so on can be effectively 
prevented . 

During the multiple times of impurity ion-implantation 
processes, the ion implantation is carried out for multiple 
implantation areas, so that the dispersion of the impurity 
can be reduced particularly deep in the substrate, the 
effects to the photoelectric conversion section can be 
reduced, and decreases in sensitivity and saturation signals 
can be effectively prevented. 

Furthermore, during the multiple times of impurity ion- 
implantation processes, the ion implantation is carried out 
at multiple impurity concentrations, so that the respective 
impurity regions of the channel stop section can be formed 
at optimum impurity concentrations; thus anti-smear measures 
on the surface of the substrate can be effectively taken. 

Since the solid-state imaging device according to the 
invention includes a channel stop section having a 
multilayer impurity region across the depth of the substrate, 
leakage of signal charges between the adjacent photosensors 
and between the photosensor and the transfer section can be 
effectively prevented; thus, a color mixing phenomenon and 
so on can be effectively prevented. 

Since the multilayer impurity region of the channel 
stop section has multiple areas, the dispersion of impurity 
particularly deep in the substrate can be prevented, the 
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effects to the photoelectric conversion section can be 
reduced, and decreases in sensitivity and saturation signals 
can be effectively prevented. 

Furthermore, the multilayer impurity region of the 
channel stop section has an optimum impurity concentration 
at each layer; thus anti-smear measures on the surface of 
the substrate can be effectively taken. 



